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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 



Jutta KLOWER, etal. 

PCT/EP97/06592 

Concurrently 



Int'l Appl. No. 
U.S. Filing Date 
U.S. Serial No. 
Title 



AUSTENITIC NICKEL-CHROMIUM- 
MOLYBDENUM-SILICON ALLOY 
WITH HIGH CORROSION 



PRELIMINARY 

AMENDMENT 

TO REMOVE 

MULTIPLE 

DEPENDANT 

CLAIMS 



RESISTANCE TO HOT CHLORIDE- 
CONTAINING GASES AND 



CHLORIDE 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the claims of the above-identified patent application to 
remove all multiple dependencies as follows: 

Claim 5, please delete "one of the claims 1 to 4" and insert -claiml"; 
Claim 6, please delete "one of the claims \ 4oA'^ and insert -claim 1~; 
Claim 7, please delete "one of the claims 1 to 4" and insert --claim 1-. 

REMARKS 

Amendments are being made to the claims to remove their multiple dependencies. 
Please proceed to examine the application as amended herein. 



Respectfully submitted, 
PROSKAUER ROSE LLP 
Attorneys for Applicant(s) 



Date: July 28, 1999 




Charles Guttman 
Reg. No, 29,161 



PROSKAUER ROSE LLP 



1585 Broadway 

New York, N.Y, 10036 

TeL No.: (212) 969-3000 
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Attorney Docket No. 2946: 

IN THE UNITED STATES PATEM" AND TRADEMARK OFFICE 

Group AEtUnit: 1742 
Examiner : Andrew L. Oltmans 




Applicant : 


— 

Jutta KLOWER, et al. 


Serial No. : 


09/355,422 


Filing Date : 


July 28, 1999 


Entitled : 


AUSTENITIC NICKEL-CHROMIUM- 




MOLYBDENUM-SILICON ALLOY WITH 




HIGH CORROSION RESISTANCE TO 




HOT CHLORIDE-CONTAINING GASES 




AND CHLORIDE 



AMENDMENT 



\0 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



I hereby certify that this paper is being deposited this date 
with the U.S. Postal Service as first class mail addressed to 
the Assistant Commissioner for Patents, Washington, D.C. 
20231. 




Sir: F" cr\ 

< In response to the Office Action dated April 20, 2000, please amend the above-identified 
patent application as follows: 



TN THE SPECIFICATION 

Please amend the specification as indicated below. 



Page 1, after the title, please insert -BACKGROUND OF THE INVENTION- 
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Page 1, line 13, please delete "niob" and replace it with --niobium-. 

Page 1, line 18, please delete "losses" and replace it with -loss--. 

Page 2, line 15, after "Si<2" please insert -%-. 

Page 2, line 16, please delete "Niob" and replace it with -niobium--. 

Page 2, line 17, please delete "Titan" and replace it with -titanium-. 

Page 3, before line 1, please insert -SUMMARY OF THE INVENTION-. 

Page 4, Ime 14, please delete "0.15%" and replace it with -0.015%-. 

Page 4, line 24, please delete "0.001 - 0.001 %" and replace it with -0.001 - 0.01 %-. 

Page 5, after line 10, please insert: 



-BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1-5 are bar graphs depictmg various characteristics of the alloy in accordance 
with the present invention. 



Page 5, Ime 19, and page 6, Ime 12, please delete "2,4856" and replace it with -2.4856-. 

Page 5, Ime 20, please delete "and" and replace it with -to-. 

Page 8, Ime 11, please delete "phosphor" and replace it with -phosphorus-. 

TN THE CLAIMS 

Please cancel claims 1-7 without prejudice and substitute the following claims therefor: 



DETAILED DESCRIPTION OF THE INVENTION-. 




--8. Austenitic nickel-chromium-molybdenum alloys with additions of silicon, consisting 



essentially of (in mass percentages): 



Chromium: 


18 to 22% 


Molybdenum: 


6 to 10% 


Silicon* 


0.6 to L7% 


Carbon: 


0.002 to 0.05% 


Trnn* 


1 to 5% 


i.VJLCllJ.g)ClU.WO\i^ • 


0.05 to 0.5% 


A Inmitintn * 

r\ i tliliiilLlili . 


0 1 to 0 5 % 


Titanium: 


0.1 to 0.5% 


Magnesium: 


0.005 to 0.05% 


Calcium: 


0.001 to 0.01% 


Vanadium: 


max. 0.5% 


Phosphorus: 


max. 0.02% 


Sulphur: 


max. 0.01% 


Boron: 


0.001 to 0.01% 


Copper: 


max. 0.5% 


Cobalt: 


max. 1% 


Niobium: 


max. 0.5% 


Hafnium: 


0.02 to 0.5% 



balance nickel and residual impurities wherein the total amount of Nb -1- Al -1- Ti does not 



exceed 1 % . 



9. Austenitic nickel-chromium-molybdenum alloys with additions of silicon, consisting essentially 
of (in mass percentages): 

Chromium: 18 to 20% 

Molybdenum: 8 to 9% 

Silicon: 0.7 to 1.1% 

Carbon: 0.002 to 0.015% 

Iron: 2.5% to 3.5% 

Manganese: 0.05 to 0.1% 

Aluminum: 0.1 to 0.3% 

Titanium: 0.1 to 0.4% 
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Magnesium: 

Calcium: 

Vanadium: 

Phosphorus: 

Sulphur: 

Boron: 

Copper: 

Niobium: 

Hafnium: 



0.005 to 0.15% 
0.001 to 0,005% 
max. 0.1% 
max. 0.002% 
max. 0.001% 
0.001 to 0.01% 
max. 0.5% 
max. 0.5% 
0.03 to 0.06% 



balance nickel and other impurities. 



10. The alloy of claim 8, wherein the molybdenum content is in the range of 6.5 to 9.5 % by 



111 



mass. 



1 L The alloy of claim 8, wherein the silicon content is in the range of 0.6 to 1 .3 % by mass. 



12. Pipes, sheet metal, band material, foils, wires, and items made from these semi-products, 
made from the alloy of claim 8. 



13. Pipes made from at least two metals wherein one of said metals is the alloy of claim 8. 



14. A corrosion protection material made from the alloy of claim 8. 



IN THE ABSTRACT 

Please^^the Abstract submitted on the attached separate page. 
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REMARKS 



Reconsideration of the above-identified patent application, as amended herein, is 
respectfully requested. 

This Amendment is in response to the Office Action dated April 20, 2000. Claims 1-7 
have been rejected. Claims 1-7 are canceled herein and replaced with new claims 8-14. Of the 
foregoing, only claims 8 and 9 are independent. 

A Substitute Translation of the International Application, mcluding the Amendments of 
April 16, 1999 made durmg the International Phase, is enclosed herewith. It appears that a page 
from the Verified Translation filed on July 28, 1999, may have been inadvertently excluded. It 
appears that the translation of page 7 of the German language application was inadvertently 
excluded. No new matter has been added because the German language application entered the 
National Phase on July 28, 1999, with this page mcluded. The Amendments made herein to the 
specification, and the references to certam locations in the specification, refer to the page/line 
numbering of the Substitute Translation. 



Although the disclosure has not been objected to by the Examiner, the specification is 
amended to correct typographical errors, and to provide headings in accordance with accepted 
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practice. An Abstract is also submitted to conform with the requirements set forth in 37 CFR 1.72 
and MPEP 608.01(b). No new matter has been added. 

Claims 5-7 have been rejected under 35 U.S.C. §101 as bemg directed to non-statutory 
subject matter. Claims 6 and 7 have also been rejected under 35 U.S.C. §112, second paragraph, 
for not particularly pointmg out and distinctly claimmg the subject matter of the invention. Claims 
5 -7 are canceled herein and replaced with new claims 12-14. The new claims were drafted with 
consideration of the various informalities noted in the Office Action, and which are now believed 
to overcome the rejections under 35 U.S.C. §112, second paragraph, and the rejection under 35 
U.S.C. §101. Accordingly, it is requested that these rejections be withdrawn. 

Claims 1 and 3-7 have been rejected under 35 U.S.C. §103(a) as being unpatentable over 
Kondo et al. (US Patent 4,110,110), and claims 1-7 have been rejected as bemg unpatentable over 
German Patent 1,233,609. Claims 1-7 are canceled herein and replaced with new claims 8-14 
which are directed generally to the subject matter previously presented in the canceled claims, and 
rewritten in clean claim form for the Examiner's convenience. For a rejection under 35 U.S.C. 
§ 103(a) to be sustained, the differences between the features of the references and the present 
invention must be obvious to one skilled in the art. 



New claim 8 recites: 
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"8. Austenitic nickel-chromium-molybdenum alloys with additions 
of silicon, consisting essentially o/(in mass percentages): 





Chromium: 


18 to 22% 




Molybdenum: 


6 to 10% 




Silicon: 


0.6 to 1.7% 




Carbon' 


0.002 to 0.05% 




Trnn • 


1 to 5% 




Manganese: 


0.05 to 0.5% 




Aluminum: 


0.1 to 0.5% 




Titanium: 


0.1 to 0.5% 




Magnesium: 


0.005 to 0.05% 




Calcium: 


0.001 to 0.01% 




Vanadium: 


max. 0.5% 




Phosphorus: 


max. 0.02% 


in 


Sulphur: 


max. 0.01% 


'^^■^ 


Boron: 


0.001 to 0.01% 




Copper: 


max. 0.5% 




Cobalt: 


max. 1% 




Niobium: 


max. 0.5% 




Hafnium: 


0.02 to 0.5% 



balance nickel and residual impurities wherein the total amount 
of Nb -t-Al -I- Ti does not exceed 1%." 



Kondo et al. disclose a nickel-based alloy containmg similar components but do not 
disclose the presence of 0.6 to 1.7 % silicon. In contrast, Kondo et al. disclose a sUicon content 
of 0.05 to 0.5%, which is preferably within the range of 0.05 to 0.2%. See column 3, line 17, 
and column 4, line 28. Although Kondo et al. do disclose the presence of sUicon in their alloy, 
Kondo et al. limit the amount of silicon to the above-noted amounts to prevent spallmg of the 
oxide film and to mhibit the occurrence of selective oxidation of grain boundaries. See column 
4, lines 56-59. 
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Specifically, Kondo et aL teach a minimum of 0.05% and a maximum of 0.5% silicon. 
Kondo et al. expressly teach that a silicon content over the maximum of 0.5% causes the 
undesirable effect of the occurrence of "whisker crystals" in the alloy. See column 2, lines 52-64, 
Kondo et al. teach that an alloy which is easily susceptible to these whisker crystal is substantially 
wearable by high-temperature oxidation, and often causes contamination of surrounding parts. 
See column 5, lines 5-10, especially lines 9-10 which recite: 

"Silicon content should not therefore be over 0.5%, preferably not over 0.2%." 



The silicon content taught in Kondo et al, is m stark contrast to the present invention which 
discloses an alloy which has 0.6 to 1.7% silicon. This is well above the range taught by Kondo 
et al. The present invention requires, in accordance with new claim 8, a minimum of 0.6% 
silicon to produce the desired results of high corrosion resistance to chloride and sulfate corrosion. 
See the specification, page 6, the entire page. 



Ill 



Column 11, lines 46-51 of Kondo et al. recite: 




"...when the silicon content exceeds 0.1%, growth of whisker 
crystals becomes apparent, and this trend becomes more remarkable 
as the silicon content increases. In view of the foregoing, when the 
other characteristics are ignored, the least possible silicon content 
is desirable." 
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It would therefore not have been obvious to one of ordinary skill in the art to include 
silicon in the range of 0.6 to 1.7% by reading Kondo et al., as Kondo et al. teach away from a 
silicon content greater than 0.5% . 

Kondo et al., not being limited to the preferred embodiments, but rather being considered 
as a whole, do not teach a silicon content greater than 0.5 % , as required by claim 8 of the present 
invention. Therefore, Kondo et al. do not render the present invention obvious. 

Furthermore, the present invention requires, according to new claim 8, the presence of 
0.02 to 0.5% hafnium. Hafnium is included in the alloy of the present invention to miprove 
adherence of protective oxide layers in case of rapid temperature changes, specifically in 
automobile exhaust systems. See the specification, page 7, lines 10-13. 

Nowhere do Kondo et al. disclose or teach an alloy having 0.02 to 0.5% hafnium. In 
contrast, Kondo et al. are silent in this regard. The alloy of Kondo et al. "consists essentially of 
the components listed in column 3, lines 7-26. Components having any essential significance to 
the combination, other than those listed, are therefore excluded from the combmation. As 
hafnium has an essential significance to the alloy of the present invention, it would not have been 
obvious for one skilled in the art, by reading Kondo et al. , to include 0.02 to 0.5 % hafnium in the 
alloy. 



§ 
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Furthermore, new claim 8 consists essentially of the elements recited therem. As noted 
above, the term "consistmg essentially of excludes components having any essential significance 
from the combination. Therefore, new claim 8 excludes the presence of tungsten in the alloy. In 
contrast, Kondo et al. require 0.1 to 25% tungsten. Tungsten has significance in the alloy and 
is included to "intensify the solid-solution with a view to improving the mechanical properties and 
the workability of Ni-Cr alloys...." See column 1, Imes 63-65. 

In contrast, tungsten is excluded from the alloy according to the present invention because 
it is known by one skilled in the art to have negative effects on the clauned alloy. Tungsten is 
known to hutiate precipitation of intermetallic phases, and lead to brittleness, or loss of ductility. 
The amounts of aluminum, titanium, and niobium are limited to 1% in the invention for the same 
reason. See the specification, page 8, lines 1-3. Furthermore, it is known that tungsten mcluded 
m the inventive alloy will have a negative effect on the corrosion resistance of the alloy . For these 
reasons, tiie element tungsten is excluded from the mvention, as claimed in claim 8, by use of the 
language "consisting essentially of." 

German Patent 1,233,609 ('609) discloses a nickel chromium alloy consisting of sunilar 
components. However, the invention, as recited in claun 8, contains the elements recited m much 
more restricted quantities than those disclosed in '609. Specifically, the present mvention limits 
the range of chromium to 18 to 22% , wherein '609 teaches a very wide range of 5 to 30% . See 
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the specification, page 7, lines 5-7 which recite: "The chromium content of the alloy according to 
the invention should be between 18% and 22% in order to ensure sufficient corrosion resistance. 
Greater contents in chromium render the workability of nickel-chromium-molybdenum alloys 
markedly more difficult." Therefore, the claimed invention cannot contain over 22% chromium, 
as allowed by '609. 

Furthermore, the present invention limits the range of molybdenum to 6 to 10%, wherein 
'609 teaches a very wide range of 0 to 15 % . Molybdenum is a very important component of the 
present invention, in the amounts recited, to obtain tiie desired characteristics of the inventive alloy. 
See the specification, page 7, lines 1-4, which state that the minimum amount of molybdenum of 
6% is required "in order to avoid wet corrosion in case of a drop below the dew pomt." The 
maximum amount of molybdenum is also very specific, and is limited to 10%. This is "because, as 
shown in Fig. 4, the vulnerability to sulphate corrosion increases with molybdenum contents." See 
the specification, page 7, lines 1-4. 

In contrast, '609 teaches the very broad range molybdenum content of 0 to 1 5%. Although 
the range of molybdenum disclosed in '609 overlaps the molybdenum content disclosed in the 
present invention, '609 may exclude the presence of molybdenum in the alloy. A content of 0% is 
taught by this reference. This is in contrast to the present invention which discloses a molybdenum 
content of at least 6% to obtain the desired characteristics of the inventive alloy. 




29462-025 



Ser. No. 09/355,422 



Still further, the present invention limits the range of iron, in accordance with claim 8, to 
1 to 5 % , wherein '609 teaches a wider range of 0 to 5 % . Iron is a very important component of 
the present invention, in the amounts recited, to obtain the desired characteristics of the alloy. See 
the specification, page 7, lines 15-18, which state that the minimum amount of iron required by the 
invention is 1% "to ensure the workability of the alloy." A maximum of 5% of iron is disclosed "as 
the danger that slightly volatile iron chlorides many be produced exists in case of higher iron 
contents in chloride-containing media." (Page 7, lines 15-18.) 

In contrast, '609 teaches the range of iron may be fi:om 0 to 5%. Although the range of iron 
disclosed in '609 overlaps the iron content disclosed in the present invention, '609 may exclude the 
presence of iron in the alloy. A content of 0% is taught by this reference. This is in contrast to the 
present invention which discloses an iron content of at least 1% to obtain the desired characteristics 
of the inventive alloy. 

According to the specification, at page 6: 



"The outstanding characteristics of the alloy according to the 
invention can be attributed to the silicon additions and to the 
coordination of the alloy elements molybdenum, chromium and iron." 
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The inventive alloy therefore discloses specific minimum and maximum ranges of silicon, 
molybdenum, chromium, and iron. The alloy taught by '609 may only contain chromium; 
molybdenum, silicon, and iron may be excluded from the combination. 

Accordingly, it is respectfully submitted that new claim 8 is not rendered obvious by either 
Kondo et al. or German Patent No. 1,233,609. As new claims 10-14 depend from new claim 8, 
it is believed that they too are not rendered obvious by either Kondo et al. or '609. It is 
respectfully submitted that the rejection under 35 U.S.C. § 103(a) thereto be withdrawn. 

New claim 9 corresponds to canceled claim 2, which has been rejected as being obvious 
over DE 1,233,609. New claim 9 relates to a preferred embodiment of the invention and contains 
similar components to the alloy of claim 8, but are somewhat restricted. Specifically, claim 9 
restricts the contents of chromium, molybdenum, silicon, and iron, even further than claim 8, as 
follows: 





Claims 


Claim 9 


Chromium 


18 to 22% 


18 to 20% 


Molybdenum 


6 to 10% 


8 to 9% 


Silicon 


0.6 to 1.7% 


0.7 to 1.1% 


Iron 


1 to 5% 


2.5 to 3.5% 
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Furthermore, the alloy of claim 9 also contains a more restricted amount of hafnium (0.03 to 
0.06%) than the range disclosed in claim 8. For the reasons discussed above with regard to claim 
8, it is also believed that claim 9 is not rendered obvious by DE 1,233,609. Specifically, the 
present invention requires specific limited contents of chromium, silicon, molybdenum, and iron 
to achieve the desired characteristics of the alloy. These ranges are much more specific than those 
taught by '609, as noted above. 

Accordingly, it is respectfully submitted that new claim 9 is not rendered obvious by DE 
1,233,609. It is respectfully submitted that the rejection under 35 U.S.C. §103(a) thereto be 
withdrawn. 



14 
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In light of the foregoing amendments and arguments, the application is now believed to be 
in proper form for allowance of all claims and a notice to that effect is earnestly solicited. 



PROSKAUER ROSE LLP 
1585 Broadway 

New York, New York 10036-8299 
(212) 969-3000 

Enclosure: Substitute Translation 



Respectfully submitted, 
PROSBCAUER ROSE LLP 
Attorneys for Applicant(s) 




Charles Guttm^ 
Reg. No. 29,161 



Date: October 20, 2000 
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ABSTRACT 



An austenitic nickel-chromium-molybdenum alloy with additions of silicon, has the 
following components (in mass percentages): 18 to 22% chromium, 6 to 10% molybdenum, 0.6 
to 1.7% silicon, 0.002 to 0.05% carbon, 1 to 5% iron, 0.05 to 0,5% manganese, 0.1 to 0.5% 
aluminum, 0.1 to 0.5% titanium, 0.005 to 0.05% magnesium, 0.001 to 0.01% calcium, a 
maximum of 0.5% vanadium, a maximum of 0.02% phosphorus, a maximum of 0.01 % sulphur, 
0.001 to 0.01 % boron, a maximum of 0.5% copper, a maximum of 1% cobalt, a maximum of 
0.5% niobium, 0.02 to 0.5% hafiiium, balance nickel and residual impurities whereby the total 
amount of additions of Nb +A1 + Ti does not exceed 1%. 



a 6 MAR 2001 
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(Substitute Specification - Clean Version) 



AUSTENITIC NICKEL-CHROMIUM-MOLYBDENUM-SILICON ALLOY WITH 
HIGH CORROSION RESISTANCE TO HOT CHLORIDE-CONTAINING GASES AND 
CHLORIDE 



[0001] The invention relates to an austenitic nickel-chromium-molybdenum-silicon alloy 

with additions of silicon. 



[0002] In plants and aggregates where hot chlorine-containing gases and chloride- 

containing deposits occur (chemical plants, thermal waste-disposal facilities, in particular when 
recycling special waste, plants for the recycling of biomass, large diesel engines, exhaust systems 
of automobiles) ferritic boiler construction steel is used at temperatures up to 400 °C. At higher 
temperature, nickel-chromium-molybdenum alloys with 21.5% chromium, 9% molybdenum, 
3.7% niobium 2.5% iron, and the remainder nickel and unavoidable impurities (German material 
number 2.4856) are used (steel code 1995) 

[0003] The alloy with the material number 2.4856 is however difficult to process. In 

addition this alloy suffers a considerable ductility losses at temperatures above 500°C, a loss 
which may result in the formation of cracks in pressure-carrying components and/or those 

1 
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subjected to heavy mechanical stress. To a certain extent, the start of precipitation of the 
ductility-reducing precipitation can be delayed by lowering the iron content. 

[0004] Measures leading to a clear rise in ductility are indicated in the international 

patent application WO 95/3 1 579 in which a new alloy is described on basis of the alloy 
according to material number 2.4856 which distinguishes itself through mcreased hot and cold 
formability and a greater ductility. 

[0005] The new alloy described in this publication has still some disadvantages. Thus the 

indicated ductility-raising measures cause the corrosion resistance to gases containing great 
amounts of chlorine and coatings containing chloride to drop below that of alloy with the 
material number 2.4856. Already with this alloy, high corrosion rates occur for reasons 
constantly rising process and exhaust gas temperatures due to the increase in effectiveness. 
Alloys of the type 2.4856 are in addition subject to heat corrosion by sulphate-containing 
deposits, so that a considerable need for an alloy of a different type, with improved resistance to 
high-temperature corrosion exists. 

[0006] JP-A 6199649 discloses an alloy for electrically conductive rollers whose 

essential alloy components (in weight percentages) are indicated as follows: Cr 15 - 30%, Mo 4 - 
10%, Si < 2 , Fe < 10 %, Mn < 2 %, Al 0.2 - 2 % and Ti 0.05 - 2 %. Alternatively, Niob can also 
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be used instead of Titan in the above-mentioned distribution. 



mi 



[0007] WO- A 8901985 discloses a corrosion-resistant cast alloy which (in weight %) 

contains essentially the following alloy components: Cr 20 - 25 %, Mo 6 - 9 %, Si 05 - 1 %, Fe 
15 - 20 % and Mn 2 - 4 %. In addition a high addition of Co, in the amount of 4 - 8% is 
indicated. 



^1 [0008] It is the obj ect of present invention to develop an alloy with a resistance to 

|i chlorine gas corrosion and to chloride-containing coatings significantly superior to that of the 
state of the art, while at the same time providing increased resistance to sulphate corrosion while 
possessing high ductility over the entire temperature range up to 1000 ""C. 

[0009] The object is attained by means of a silicon-containing nickel-chromium- 

molybdenum alloy which is made up of the following components (in mass %): 



Cr 


18-22% 


Mo 


6-10% 


Si 


0.6-1.7% 


C 


0.002 - 0.05 % 


Fe 


1 - 5 % 


Mn 


0.05 - 0.5 % 


Al 


0.1 - 0.5 % 


Ti 


0.1-0.5% 


Mg 


0.005 - 0.05 % 
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Ca 


0.001 - 0.01 % 


V 


max. 0.5 % 


P 


max. 0.02 % 


S 


max. 0.01 % 


B 


0.001 - 0.01 % 


Cu 


max. 0.5 % 


Co 


max 1 % 


Nb 


max. 0.5 % 



Hf and/or Y and/or Zr and/or rare earth elements - 0.02 - 0.5% 
the remainder being nickel and impurities caused by the melting process, whereby the 
total amount of additions in Nb + Al + Ti do not exceed 1 %. 

5 [0010] Advantageous further developments of the object of the invention are to be found 

£ in the sub-claims. 

ly 

r1 [0011] The alloy according to the invention is clearly more high-temperature corrosion 

m resistant to chlorine-containing gases, chloride-containing ash, deposits and salt compounds than 
w those of the state of the art, while at the same time being corrosion resistant to sulphate corrosion 
and wet corrosion and is at the same time highly ductile. 



[0012] A preferred alloy is composed of the following alloy components (in mass 

percentages) : 
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Cr 


18-20% 


Mo 


8 - 9.0 % 


Si 


0.7-1.1 % 


C 


0.002-0.15% 


Fe 


2.5 - 3.5 % 


Mn 


0.05 - 0.1 % 


Al 


0.1 - 0.3 % 


Ti 


0.1 - 0.4 % 


Mg 


0.005 - 0.15 % 


Ca 


0.001 - 0.005 % 


V 


max. 0.1 % 


P 


max. 0.002 % 


S 


max. 0.001 % 


B 


0.001 - 0.001 % 


Cu 


max. 0.5 % 


Nb 


max. 0.5 % 



ffi Hf and/or Y and/or Zr and/or rare earth elements - 0.03 - 0.06% 

ffi the remainder being nickel and impurities caused by the melting process. 

li [00131 The alloy is advantageously suited on the one hand for the production of pipes, in 

1 particular composite pipes, sheet metal, band material, foils, wires as well as items made from 

■ ^= 

these semi-products, and is furthermore suitable as corrosion protection in form of applied 
welding or plating. 



[0014] The advantageous characteristics of the alloy according to the invention appear in 

the following examples of embodiments. Table 1 shows for example analyses of batches of the 
alloy according to the invention (A-F) as well as the comparison alloys (G, H) other than the 
combination according to the invention (G, H). The alloy 2.4856 was used for comparison. All 
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alloy variants were produced from cast blocks by means of hot rolling followed by cold rolling at 
room temperature. 

[0015] The resistance of the alloy according to the invention to chloride corrosion is 

depicted in Figs. 1 and 2. For the tests, polished and clean test coupons of different test alloys 
were submerged in an aqueous solution of 1 mol/1 NaCl, 0.1 mol/1 CaClj and 0.25 mol/1 
NaHCO, dried at 60°C and then aged in the air at 750°C for 240 hours. This test simulates the 
Ifl stresses which appear e.g. in exhaust systems of car engines (at bellows for uncoupling catalytic 
m converter and engine). Fig. 1 shows the disappearance of metal, Fig. 2 shows the 
tU metallographically determined corrosion effect at the end of the test, hi tests it was found 
1. surprisingly that the resistance to chloride corrosion could be markedly improved over that of 
alloy 2,4856 by the addition of silicon in quantities from 0.6 and 1.7%. 



[0016] The advantageous influence of silicon can also be seen in Fig. 3 which shows the 

metallographically determined corrosion effect on samples which were aged in a complex 
medium (chlorine-containing synthetical waste combustion gas (2.5 g/m^ HCl, 1.3 g/m' SOj/ 9% 
O2, the remainder Nj) while at the same time adding chloride-containing boiler ash) for over 
1000 hours at 600 °C. By comparison with the low-silicon batch (e.g. G) the alloy containing 
silicon according to the invention suffered markedly less corrosion effect. 
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[0017] Fig. 4 shows the corrosion effect after a cyclic 1 008 hoiu* aging of samples which 

were coated before aging at 750° C in a chlorine and sulfur dioxide-containing atmosphere with 
a coat of Na2S04/KCL This test serves to test resistance to sulfate corrosion. As can be seen in 
the figure, the degrees of corrosion in the alloys according to the invention are markedly lower 
also with this corrosion stress than the alloy 2,4856 used at this time under such corrosion 
conditions. 

[0018] The outstanding characteristics of the alloy according to the invention can be 

attributed to the silicon additions and to the coordination of the alloy elements molybdenum, 
chromium and iron. The silicon contents of the alloy according to the invention should be 
between 0.6 and 1 .7 %, since the corrosion-inhibiting effect of silicon no longer occurs with 
lower silicon contents and since embrittling silicides and a marked loss in ductility, in particular 
at middle temperatures (500 - 800 °C) are to be expected with higher contents in silicon. With 
silicon contents between 0.5 and 1.7 % the notch bar test toughness, measured in ISO-V Charpy 
tests, does not drop below 100 J/cm as shown in Fig. 5, even after aging for 1000 hours at 
600X. 

[0019] The molybdenum content of the alloy according to the invention is limited to 10% 

because, as shown in Fig. 4, the vulnerability to sulphate corrosion increases with molybdenum 
contents. A minimum molybdenxmi content is required in order to avoid wet corrosion in case of 
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a drop below the dew point. 

[0020] The chromium content of the alloy according to the invention should be between 

1 8% and 22% in order to ensure sufficient corrosion resistance. Greater contents in chromium 
render the workability of nickel-chromium-molybdenum alloys markedly more difficult. 

[0021] The alloy should furthermore contain hafnium and/or rare earth elements and/or 

zirconium and/or yttrium if an improved adherence of protective oxide layers is required in case 
of rapid temperature changes for specific applications, e.g. in automobile exhaust systems. 
However the sum of these reactive elements should not exceed 0.5%. 

[0022] The iron content of the alloy according to the invention is limited to a maximum 

of 5%, as the danger that slightly volatile iron chlorides may be produced exists in case of higher 
iron contents. A minimum iron content of 1% is however required in order to ensure the 
workability of the alloy. 

[0023] The carbon content of the alloy according to the invention is limited to a 

maximum 0.05% because of the danger of intercrystalline corrosion in case of higher carbon 
contents. 



8 



Attorney Docket No. : 29462-025 
Serial No. : 09/355,422 

[0024] The contents of titaniuna and aluminum are limited for either to a maximum of 

0.5% and the actually undesirable contents of niobium to a maximum of 0.5% as these elements 
may lead to a loss of ductility at medium temperatures because of the formation of intermettallic 
phases. The total sum of additions of niobium^ altiminum and titanium should not exceed 1%. A 
minimum content in oxygen-refined elements aluminum, titanium, magnesium and calcium is 
however necessary in order to ensure good oxidation resistance. The contents in manganese 
should be at least 0.05% for processing reasons, but should not exceed 0.5% because higher 
manganese contents adversely affect the oxidation resistance. In order to improve workability, 
0.001 to 0.01% boron are also added to the alloy. 

[0025] The contents in phosphor and sulfur should be kept as low as possible, as these 

interfacially active elements lower the high-temperature corrosion resistance as well as the 
ductility of the alloy. 

[0026] The alloy according to the invention can be used for bands, foils, sheets, pipes 

(seamless or welded), wires, as application weldment, as appUcation plating or as composite 
piping. 

[0027] The production of the alloy according to the invention may be effected by means 

of block casting or also continuous casting after melting in a vacuum induction furnace or after 
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open melting. The alloy may be remelted but this is not absolutely necessary. Hot-forming is 
effected by forging, hot rolling or extruder, while cold forming is effected by cold rolling, wire 
pulling or putting through a pilger mill. The production of combination materials, e.g. plating on 
carbon steel, can be done by means of one of the conventional application welding processes, 
through cold or hot rolling of sheets or bands, through explosive cladding or through one of the 
conventional processes for the production of bimetal pipes. 

[0028] Thanks to its excellent resistance to chlorination, the alloy is especially suitable in 

form of band or sheet, pipe or plating material for utilization in hot, chorine-containing gases, or 
in the presence of chloride-containing coatings, such as occur in chemical industrial plants, in 
plants for the thermal treatment of chlorine-containing chemical waste and contaminated soil as 
well as in car exhaust gas systems (bellows for the uncoupling of exhaust catalytic converter and 
engine). The excellent resistance of the alloy to complex corrosive salt deposits (boiler ash) 
renders the alloy also suitable for the utilization as plating and construction material in plants for 
thermal waste removal, in large diesel engines, in plants for the obtention of energy from 
biomass and in plants of the cellulose industry. 
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Austenitic nickel-chromium-molybdenum alloys with additions of silicon, characterized 
by alloy components (in mass percentages) : 



Cr 


18-22% 


Mo 


6 - 10 % 


Si 


0.6-1.7% 


c 


0.002 - 0.05 % 


Fe 


1 - 5 % 


Mn 


0.05-0.5% 


Al 


0.1 - 0.5 % 


Ti 


0.1-0.5% 


Mg 


0.005 - 0.05 % 


Ca 


0.001 - 0.01 % 


V 


max. 0.5 % 


P 


max. 0.02 % 


s 


max. 0.01 % 


B 


0.001 - 0.01 % 


Cu 


max. 0.5 % 


Co 


max 1 % 


Nb 


max. 0.5 % 



Hf and/or Y and/or Zr and/or rare earth elements - 0.02 - 0.5% 

the remainder being nickel and impurities caused by the melting process, whereby the 

total amount of additions in Nb + Al + Ti do not exceed 1 %. 

Alloy as in claim 1, characterized by alloy components (in mass percentages): 

Cr 18-20% 

Mo 8-9.0% 

Si 0.7-1.1% 

C 0.002-0.15% 

Fe 2.5 - 3.5 % 

Mn 0.05 - 0.1 % 

Al 0.1-0.3% 
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Ti 0.1 - 0.4 % 
Mg 0.005 -0.15% 
Ca 0.001 - 0.005 % 
V max. 0.1 % 
P max. 0.002 % 
S max. 0.001 % 
B 0.001 - 0.001 % 
Cu max. 0.5% 
Nb max. 0.5 % 

Hf and/or Y and/or Zr and/or rare earth elements - 0.03 - 0.06% 

the remainder being nickel and impurities caused by the melting process. 



Alloy as in claim 1, characterized by a molybdenum content between 6.5 and 9.5 % 



Alloy as in claim 1, characterized by a silicon content between 0.6 and 1.3 % 



Utilization of the alloy as in one of the claims 1 to 4, for the production of pipes, sheet 
metal, band material, foils, wires as well as of items made of these semi-products. 



Utilization of the alloy according to one of the claims 1 to 4 for the production of 
composite pipes. 



UtiUzation of the alloy according to the invention as in one of the claims 1 to 4 as 
corrosion protection in form of applied welding or plating. 
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(Substitute Specification - Marked-Up Version) 



AUSTENITIC NICKEL-CHROMIUM-MOLYBDENUM-SILICON ALLOY WITH 
HIGH CORROSION RESISTANCE TO HOT CHLORIDE-CONTAINING GASES AND 
CHLORIDE 



[0001] The invention relates to an austenitic nickel-chromium-molybdenum-silicon alloy 

with additions of silicon. 

[0002] In plants and aggregates where hot chlorine-containing gases and chloride- 

containing deposits occur (chemical plants, thermal waste-disposal facilities, in particular when 
recycling special waste, plants for the recycling of biomass, large diesel engines, exhaust systems 
of automobiles) ferritic boiler construction steel is used at temperatures up to 400 °C. At higher 
temperature, nickel-chromium-molybdenum alloys with 21.5% chromium, 9% molybdenum, 
3.7% niobium 2.5% iron, and the remainder nickel and unavoidable impurities (German material 
number 2,4856) are used (steel code 1995) 

[0003] [However, the] The alloy v^th the material number 2.4856 is however difficuh to 

process. [Furthermore] In addition this alloy suffers a considerable ductility loss at temperatures 
above 500 °C, a loss which may result in the formation of cracks in pressure-carrying components 

1 
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and/or those subjected to heavy mechanical stress. To a certain extent, the start of precipitation 
of the ductility-reducing precipitation [precipitants] can be delayed by lowering the iron content. 



[0004] Measures leading to a clear rise in ductility are indicated in the international 

patent appKcation WO 95/31579 in which a new alloy is described on basis of the alloy 
according to material number 2.4856 which [that] distinguishes itself through increased hot and 
cold formability and a greater ductility. 

!r;i [0005] [Also the] Uie new alloy described in this publication still has some 

m disadvantages. Thus the indicated ductility-raising measures cause the corrosion resistance to 

gases containing great amounts of chlorine and coatings containing chloride to drop below that of 
^ alloy with the material number 2.4856. Already with this alloy, high corrosion rates occur for 
* reasons of constantly rising process and exhaust gas temperatures due to the increase in 

effectiveness. Alloys of the type 2.4856 are [furthermore] in addition subject to heat corrosion 

by [sulfate] sulphate -containing deposits, so that a considerable need for an alloy of a different 

type, with improved resistance to high-temperature corrosion exists. 

[0006] .TP-A 6199649 discloses an allov for electrically co nductive rollers whose 

essential allov components fin weight percentages'! are indicated a s f ollo ws: Cr 15 - 30 %, Mo 4 - 
1 0%. Si < 2 . Fe < 10 %■ Mn < 2 %. Al 0.2 - 2 % and Ti 0.05 - 2 Alternativ ely. Niob can also 
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be used instead of Titan in the above-mentioned distribution. 

[0007] WO-A 8901 985 discloses a corrosion-resistant cast allov which (in weight %) 

contains essentially the following allov components: Cr 20 - 25 %. Mo 6 - 9 %. Si 05 - 1 %. Fe 
1 5 - 20 % and Mn 2 - 4 %. In addition a high addition of Co. in the am ount of 4 - 8% is 
indicated. 

[0008] It is the object of present invention to develop an alloy with a resistance to 

chlorine [chloric] gas corrosion and to chloride-containing coatings [clearly in proved over] 
significantlv superior to that of the state of the art^while [having] at the same time [better] 
providing increased resistance to [sulfate] sulphate corrosion [and a] while possessing high 
ductility over the entire temperature range up to 1000°C. 



[0009] [This] Hie object is attained by means of a silicon-containing nickel-chromium- 

molybdeniun alloy which is made up of the following components (in mass %): 

Cr 18-22% 

Mo 6-10 % 

Si 0.6-1.7% 

C 0.002 - 0.05 % 

Fe 1-5 % 

Mn 0.05 - 0.5 % 

Al 0.1 - 0.5 % 

Ti 0.1 - 0.5 % 

Mg 0.005 - 0.05 % 



3 



Attorney Docket No. : 29462-025 
SerialNo.: 09/355,422 



Ca 


0.001 - 0.01 % 


V 


max. 0.5 % 


P 


max. 0.02 % 


s 


max. 0.01 % 


B 


0.001 - 0.01 % 


Cu 


max. 0.5 % 


Co 


max 1 % 


Nb 


max. 0.5 % 



Hf and/or Y and/or Zr and/or rare earth elements - 0.02 - 0.5% 
the remainder being nickel and impurities caused by the melting process, whereby the 
total amount of additions in Nb + Al + Ti do not exceed 1 % . 



[0010] Advantageous further developments of the object of the invention are to be found 



fn in the sub-claims. 



The alloy according to the invention is clearly more high-temperature corrosion 



resistant to [high temperature corrosion from] chlorine-containing gases, [chlorine] chloride- 
containing ash[es], deposits and salt compounds [combinations] than those of [in] the state of the 
art^while [being] at the same time being corrosion resistant to [sulfate] sulphate corrosion and 



wet corrosion [while remaining] and is at the same time highly ductile. 



[0012] [Advantageous further developments of the object of the invention are to be found 



in the sub-claims.] 



[0013] A preferred alloy is composed of [characterized by] the following alloy 
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components (in mass percentages) : 



Cr 


18-20% 


Mo 


8 - 9.0 % 


Si 


0.7-1.1 % 


C 


0.002-0.15% 


Fe 


2.5 - 3.5 % 


Mn 


0.05-0.1 % 


Al 


0.1 - 0.3 % 


Ti 


0.1 - 0.4 % 


Mg 


0.005 -0.15% 


Ca 


0.001 - 0.005 % 


V 


max. 0.1 % 


P 


max. 0.002 % 


s 


max. 0.001 % 


B 


0.001 - 0.001 % 


Cu 


max. 0.5 % 


Nb 


max. 0.5 % 



Hf and/or Y and/or Zr and/or rare earth elements - 0.03 - 0.06% 

the remainder being nickel and impurities caused by the melting process. 

[0014] The alloy is advantageously suited on the one hand for the production of pipes, in 

particular composite pipes, sheet metal, band material, [films] Ms, wires as well as [articles] 
items made from these semi-[fmished]products^ and [on the other hand for build-up] is 
furthermore suitable as corrosion protection in form of apphed w elding or plating [of applied 
corrosion protection]. 



[0015] The advantageous [properties] characteristics of the alloy according to the 

invention [become apparent from the] a ppear in the followine examples of embodiments 
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[indicated below]. Table 1 shows [the] for example [of] analyses of [charges from] batches of 
the alloy [(A-f)] according to the invention (A-F) as well as the comparison alloys (G, H) [with 
components outside] other than the combination according to the invention (G. H) . [For 
comparison, the] The alloy 2.4856 was used for comparison . All alloy variants [of the alloy] 
were produced from cast blocks by means of hot rolling followed by cold rolling at room 
temperature. 

[0016] The resistance of the alloy according to the invention to chloride corrosion 

[appears from the] is depicted in Figs. 1 and 2. For the tests, polished and cleaned test coupons 
of different test alloys were [dipped into] submerged in an aqueous solution of 1 mol/1 NaCl, 0.1 
mol/1 CaCl2 and [0.24] 025 mol/1 NaHC03, [were] dried at 60 °C and then aged in the air at 
750 °C [air temperature] for 240 hours. This test simulates the stresses which appear [such as 
occur] e.g. in exhaust systems of c^ [automobile] engines (at [on expansion] bellows for [the] 
uncoupling [of] catalytic converter and engine). Fig. 1 shows the disappearance of [he] metal 
[loss], Fig. 2 shows the metallographicallv determined corrosion effect [damage determined 
through metallography] at the end of the test. In [these investigations] tests it was found [that] 
surprisingly the resistance to chloride corrosion could be markedly improved [considerably 
e.g.] over that of [the] alloy 2,4856 by [adding] the addition of silicon in quantities from 0.6 and 
1.7%. 
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[0017] The advantageous influence of silicon can also be seen [becomes apparent] in Fig. 

3 which shows the metallographically determined corrosion [damage of] effect on samples 
[determined through metallography, said samples having been placed into] which were aged in a 
complex medium (chlorine-containing synthetical waste combustion gas (2.5 g/m^ HCl, 1.3 g/m^ 
SO2/ 9% O2, the remainder [N^] N2) [with simultaneous subjection to] while at the same time 
adding chloride-containing boiler ash) for over 1000 hours at 600°C. By comparison 
[Compared] with the [charge containing little silicon] low-silicon batch (e.g. G) the [silicon- 
containing] alloy containing silicon according to the invention [suffers distinctly] suffered 
markedlv less corrosion [attack] effect. 

[0018] Fig. 4 shows ttie corrosion [damage] effect after a cyclic 1008 [hours of cyclical] 

hour aging of samples which [had been] were coated [with a coating consisting of Na2S04/KCl] 
before aging at 750-'' C in a chlorine and sulfur dioxide-containing atmosphere with a coat of 
Na^SO^ /KCL This test serves to test [the] resistance to sulphate corrosion. As can be seen in the 
figure, the degrees of corrosion in the alloys according to the invention [has clearly] are markedly 
lower [corrosion rates] also with this corrosion stress [exposxare to corrosion] than the alloy 
2,4856 used at this time under such corrosion conditions [of corrosion]. 



[0019] The outstanding characteristics of the alloy according to the invention can be 

attributed to the silicon additions and to the coordination of the alloy elements molybdenum, 
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[chrome] chromium and iron. The silicon contents of the alloy according to the invention should 
be [from] between 0.6 [to] md 1 .7 %, since the corrosion-[resistant] inhibiting effect of [the] 
silicon no longer occurs with lower silicon contents[,] and since [greater contents of silicon result 
in the appearance of] embrittling siUcides and a [distinct] marked loss [of] in ductility, in 
particular at middle temperatures [in the middle range] (500 - 800°C) are to be expected with 
higher contents in silicon . With silicon contents [from] between 0.5 [to] md 1.7 % the [notched] 
notch bar [impact value] test toughness , measured [on] in ISO-V [notched bar samples] Charpy 
tests, does not drop below 100 J/cm as shown in Fig. 5. even after aging for 1000 hours [aging] at 
600°C [, as shown in Fig. 5]. 

[0020] The molybdeniim content of the alloy according to the invention is limited to 1 0% 

[since] because , as shown in Fig. 4, the [risk] vulnerability to [sulfate] sulphate corrosion 
increases with [higher] molybdenum contents. A minimum m olvbdenum [Molybdenum] content 
is [necessary] required in order to avoid wet corrosion in case of [falling short of] a drop below 
the dew point. 

[0021] The [chrome] chromium content of the alloy according to the invention should be 

between 18% and 22% in order to ensure sufficient corrosion resistance. Greater [Higher 
chrome] contents in chromium render the workability of nickel-[chrome]chromium-molybdenum 
alloys [distinctly] markedlv more difficult. 
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[0022] [In addition, the] The alloy should furthermore contain hafnium and/or rare earth 

elements and/or zirconium and/or yttrium if an improved [adhesion] adherence of protective 
oxide layers is required in case of rapid temperature changes for specific appUcations, e.g. in 
[the] automobile exhaust systems [at high temperatures and/or in case of rapid temperature 
changes]. [The] However the sxim of these reactive elements should [however] not exceed 0.5%. 

[0023] The iron content[s] of the alloy according to the invention is limited to a 

maximum of 5%, [since] as the danger that slightlv volatile iron chlorides may be produced 
exists in case of higher iron contents [involve the danger of easily volatile iron chlorides being 
formed], A minimum iron content of 1% is however required in order to ensure the workability 
of the alloy. 

[0024] The carbon content of the alloy according to the invention is limited to a 

maximum 0.05% [as higher carbon contents involve the risk] because of the danger of 
intercrystalline corrosion in case of higher carbon contents . 

[0025] The contents of titanium and aluminum [contents] are limited for either 

[respectively] to a maximum of 0.5%[;] and the actually undesirable contents of niobium [is 
limited] to a maximum of 0.5% [because] as these elements may [result in] lead to a loss of 
ductility at medium temperatures [due to] because of the formation of intermettallic phases. The 
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total smn of additions of niobium, aluminum and titanium [additives] should not exceed 1%. A 
minimum content in oxygen-[affinitive]refined elements aluminimi, titanium, magnesium and 
calcium is however necessary in order to ensure good [resistance to] oxidation resistance. The 
contents in manganese [content] should be at least 0.05% for processing reasons, but should not 
exceed 0.5% because higher [contents in] manganese contents adversely affect [have an 
unfavorable effect on] the oxidation resistance [to oxidation]. In order to [To] improve 
workability, 0.001 to 0.01% boron are also added [into the mix] to the allov. 

[0026] The contents in phosphor and sulfur [contents] should be kept as low as possible^ 

as [because] these [surface] interfaciallv active elements lower [reduce] the high-temperature 
corrosion resistance [at high temperature] as well as the ductility of the alloy. 

[0027] The alloy according to the invention can be used for bands, [films] foils, [sheet 

metals] sheets, pipes (seamless or welded), wires, [for applied welding, applied] as application 
weldment. as application platuig or as composite piping. 

[0028] The production of the alloy according to the mvention [can be produced by ingot] 

may be effected bv means of block casting [as well as by] or also continuous casting after 
[following] melting in a vacuum induction fiimace or after open melting. TTie [Recasting of the] 
alloy [is possible] may be remelted but this is not absolutely necessary. Hot-forming is 
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[achieved] effected by forging, hot rolling or [continuous pressing and] extruder, while cold 
forming is effected by cold rolling, wire pulling or [by means of] putting through a pilger mill. 
The production of [composite] combination materials, e.g. plating on carbon steel, can be 
[effected] done by means of one of the [customary] conventional application yielding processes, 
[by] through cold or hot rolling of [sheet metal] sheets or bands, [by] through explosive cladding 
or [bu] through one of the [customary] conventional processegjor [in] the production of bimetal 
pipes. 

[0029] Thanks [Due] to its excellent resistance to chlorination, the alloy is especially 

[well suited as] suitable in form of band [and] or sheet [metal], pipe or plating material for 
utilization in hot, chorine-containing gases, or in the presence of chloride;containing coatings, 
such as occur in chemical industrial plants, in plants for the thermal treatment [plants for] of 
chlorine-containing chemical waste and contaminated [floors] soil as well as in [automobile] c^ 
exhaust gas systems ([expansion] bellows for the uncoupling of exhaust catalytic converter and 
engine). The excellent resistance of the alloy to complex corrosive [saline] salt deposits ( boiler 
[furnace] ash) renders the alloy also suitable for tiie utilization as plating and construction 
material in plants for thermal waste removal [removal plants], in large diesel engines [motors], in 
plants for the obtention of energy from biomass and in plants of the cellulose industry. 
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Austenitic nickel-chromium-molybdenum alloys with [additives] additions of silicon, 
characterized by alloy components (in mass percentages) : 



Cr 


18-22% 


Mo 


6 - 10 % 


Si 


0.6-1.7% 


C 


0.002 - 0.05 % 


Fe 


1 - 5 % 


Mn 


0.05 - 0.5 % 


Al 


0.1-0.5% 


Ti 


0.1-0.5% 


Mg 


0.005 - 0.05 % 


Ca 


0.001 - 0.01 % 


V 


max. 0.5 % 


P 


max. 0.02 % 


S 


max. 0.01 % 


B 


0.001 - 0.01 % 


Cu 


max. 0.5 % 


Co 


max 1 % 


Nb 


max. 0.5 % 



Hf and/or Y and/or Zr and/or rare earth elements - 0.02 - 0.5% 

the remainder being nickel and impurities caused by the melting process, whereby the 

total amount of additions in Nb + Al + Ti do not exceed 1 %. 

Alloy as in claim 1, characterized by alloy components (in mass percentages): 

Cr 18-20% 

Mo 8 - 9.0 % 

Si 0.7-1.1% 

C 0.002-0.15% 

Fe 2.5 - 3.5 % 

Mn 0.05 - 0.1 % 

Al 0.1-0.3% 
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Ti 0.1 - 0.4 % 
Mg 0.005 -0.15% 
Ca 0.001 - 0.005 % 
V max. 0.1 % 
P max. 0.002 % 
S max. 0.001 % 
B 0.001 - 0.001 % 
Cu max. 0.5% 
Nh max. 0.5 % 

Hf and/or Y and/or Zr and/or rare earth elements - 0.03 - 0.06% 

the remainder bemg nickel and impurities caused by the melting process. 



Alloy as in claim 1, characterized by a molybdenum content between 6.5 and 9.5 % 



Alloy as in claim 1, characterized by a sihcon content between 0.6 and 1.3 % 



Utilization of the alloy as in one of the claims 1 to 4, for the production of pipes, sheet 
metal, band material, [fihns] Ms, wires as well as of [articles] items made of these semi- 
[finishedj products . 



Utilization of the alloy [as in] according to one of the claims 1 to 4 for the production of 
composite pipes. 



Utilization of the alloy according to the invention as in one of the claims 1 to 4 as 
corrosion protection infonnof applied [by means of bulid-up] welding or plating. 
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AUSTENITIC NICKEL-CHROMIUM-MOLYBDENUM-SILICON 
ALLOY WITH HIGH CORROSION RESISTANCE TO HOT 
CHLORIDE-CONTAINING GASES AND CHLORIDE. 

The invention relates to an austenitic nickel-chromium-molybdenum-silicon 
alloy with additions of silicon. 

In plants and aggregates where hot chlorine-containing gases and chlorine- 
containing deposits occur (chemical plants, thermal waste-disposal facilities, 
in particular when recycling special waste, plants for the recycling of 
biomass, large diesel engines, exhaust systems of automobiles) ferritic boiler 
construction steel is used at temperatures up to 400 C. At higher 
temperatures, nickel-chromium-molybdenum alloys with 21.5% chromium, 
9% molybdenum, 3.7% niobium, 2.5% iron and the remainder nickel and 
unavoidable impurities (German material number 2.4856) are commonly 
used (steel code 1995). 

However the alloy with the material number 2.4856 is difficult to process. 
Furthermore, this alloy suffers a considerable ductility loss at temperatures 
above 500 C, a loss that may result in the formation of cracks in pressure- 
carrying components and/or those subjected to heavy mechanical stress. To a 
certain extent, the start of precipitation of the ductility -reducing precipitants 
can be delayed by lowering the iron content. 
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Measures leading to a clear rise in ductility are indicated in the international 
patent application WO 95/31579 in which a new alloy is described on basis 
of the alloy according to material number 2.4856 that distinguishes itself 
through increased hot and cold formability and a greater ductility. 

Also the new alloy described in this publication still has some 
disadvantages. Thus the indicated ductility-raising measures cause the 
corrosion resistance to gases containing great amounts of chlorine and 
coatings containing chloride to drop below that of the alloy with the material 
number 2.4856. Already with this alloy, high corrosion rates occur for 
reason of constantly rising process and exhaust gas temperatures due to the 
increase in effectiveness. Alloys of the type 2.4856 are furthermore subject 
to heat corrosion by sulfate-containing deposits, so that a considerable need 
for an alloy of a different type, with improved resistance to high-temperature 
corrosion exists. 

It is the object of the present invention to develop an alloy with a resistance 
to chloric gas corrosion and chloride-containing coatings clearly improved 
over the state of the art while having at the same time better resistance to 
sulfate corrosion and a high ductility over the entire temperature range up to 
1000 C. 

This object is attained by a silicon-containing nickel-chromium- 
molybdenum alloy which is made up of the following components (in mass 

%) 
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Cr 18-22% 

Mo 6-10% 

Si 0.6-1.7% 

C 0.002 - 0.05 % 

Fe 1-5 % 

Mn 0.05-0.5% 

Al 0.1-0.5% 

Ti 0.1-0.5% 

Mg 0,005-0.05 % 

Ca 0.001-0.01% 

V max. 0.5 % 

P max. 0.02 % 

S max. 0.01 % 

B 0.001-0.01% 

Cu max. 0.5 % 

Co max. 1 % 

Hf and/or Y and/or Zr and/or rare earth : 0.02 - 0.5%, the remainder being 
nickel and impurities caused by the melting process. 

The alloy according to the invention is clearly more resistant to high- 
temperature corrosion from chloride-containing gases, chlorine-containing 
ashes, deposits and salt combinations than in the state of the art while being 
at the same time corrosion-resistant to sulfate corrosion and wet corrosion 
while remaining highly ductile. 
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Advantageous further developments of the object of the invention are found 
in the sub-claims. 

A preferred alloy is characterized by the following alloy components (in 
mass %): 



Cr 


18-20% 


Mo 


8-9% 


Si 


0.7-1.1 % 


C 


0.02-0.015% 


Fp 

1 c 




Mn 


0.05-0.1 % 


Al 


0.1-0.3% 


Ti 


0.1-0.4% 


Mg 


0,005 - 0.015 % 


Ca 


0.001-0.005% 


V 


max. 0.01 % 


P 


max. 0.002 % 


s 


max. 0.001 % 


B 


0.001 -0.001 % 


Cu 


max. 0.5 % 



Hf and/or Y and/or Zr and/rare earth : 0.03 - 0.06%, the remainder being 
nickel and impurities caused by the melting process. 
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The alloy is advantageously suited on the one hand for the production of 
pipes, in particular composite pipes, sheet-metal, band material, films, wires 
as well as articles made from these semi-fmished products and on the other 
hand for build-up welding or plating of applied corrosion protection. 

The advantageous properties of the alloy according to the invention become 
apparent from the examples of embodiments indicated below Table 1 shows 
the example of analyses of charges from the alloy (A-F) according to the 
invention as well as the comparison alloys (G, H) with components outside 
the invention. For comparison, the alloy 2.4856 was used. All variants of the 
alloy were produced from cast blocks by hot rolling followed by cold rolling 
at room temperature. 

The resistance of the alloy according to the invention to chloride corrosion 
appears from the figs. 1 and 2. For the tests, pohshed and cleaned test 
coupons of different test alloys were dipped into an aqueous solution of 1 
mol/1 naCl , 0. 1 mol/1 CaClj and 0.24 mol/1 NaHCOs, were dried at 60 C 
and then aged at 750 C air temperature for 240 hours. This test simulates 
the stresses such as occur e.g. in exhaust systems of automobile engines (on 
expansion bellows for the uncoupling of catalytic converter and engine). Fig. 
1 shows he metal loss, Fig. 2 shows the corrosion damage determined 
through metallography at the end of the test. In these investigations it was 
found that surprisingly the resistance to chloride corrosion could be 
improved considerably e.g. over the alloy 2.4856 by adding silicon in 
quantities from 0.6 to 1.7 %. 
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The advantageous influence of silicon also becomes apparent in Fig. 3 which 
shows the corrosion damage of samples determined through metallography, 
said samples having been placed into a complex medium (chlorine- 
containing synthetic waste combustion gas (2.5 g/m^ HCl, 1.3 g/m^ SO2/ 9 
% O2, the remainder Ns) with simultaneous subjection to chloride-containing 
boiler ash) for over 1000 hours at 600 C. Compared with the charge 
containing little silicon (e.g. G) the silicon-containing alloy according to the 
invention suffers distinctly less corrosion attack. 

Fig. 4 shows corrosion damage after 1008 hours of cychcal aging of samples 
which had been coated with a coating consisting of Na2S04/CKl before 
aging at 750 C in a chlorine and sulfur dioxide containing. Atmosphere. 
This test serves to test the resistance to sulfate corrosion. As can be seen in 
the figure, the alloy according to the invention has clearly lower corrosion 
rates also with this exposure to corrosion, than the alloy 2.4856 used at this 
time under such conditions of corrosion. 

The outstanding characteristics of the alloy according to the invention can be 
attributed to the coordination of the alloy elements molybdenum, chrome 
and iron. The silicon content of the alloy according to the invention should 
be fi-om 0.6 % to 1.7 %, since the corrosion-resistant effect of the silicon no 
longer occurs with lower sihcon contents, and since greater contents of 
silicon result in the appearance of embrittling silicides and a distinct loss of 
ductility, in particular at temperatures in the middle range (500 - 800 C). 
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With silicon content from 0.5 to 1 .7% the notched bar impact value , 
measured on ISO V notched bar samples, does not drop below 100 J/cm 
even after 1000 hours aging at 600 C, as shown in Fig. 5. 

The molybdenum content of the alloy according to the invention is limited to 
10 % since, as shown in Fig. 4, the risk of sulfate corrosion increases with 
higher molybdenum contents. Molybdenum content is necessary in order to 
avoid wet corrosion in case of falling short of the dew point. 

The chrome content of the alloy according to the invention should be 
between 18 and 22% in order to ensure sufficient corrosion resistance. 
Higher chrome contents render the workability of the nickel-chrome- 
molybdenum alloys distinctly more difficult. 

In addition, the alloy should contain hafnium and/or rare earth and/or 
zirconium and/or yttrium if improved adhesion of protective oxide layers is 
required for specific applications, e.g. in the automobile exhaust systems at 
high temperatures and/or in case of rapid temperature changes. The total of 
these reactive elements should however not exceed 0.5 %. 

The iron contents of the alloy according to the invention is limited to a 
maximum of 5% since higher iron contents in chloride-containing media 
involve the danger of easily volatile iron chlorides being formed. A 
minimum content of 1 % is however required in order to ensure the 
workability of the alloy. 
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The carbon content of the alloy according to the invention is limited to a 
maximum of 0.05, as higher carbon contents involve the risk of 
intercrystalline corrosion. 

The titanium and aluminum contents are limited respectively to a maximum 
of 0.5 %; the actually undesirable content in niobium is limited to 0.5 % 
because these elements may result in a loss of ductility at medium 
temperatures due to the formation of intermetallic phases. The total of 
niobium, aluminum and titanium additives should not exceed 1 %. A 
minimum content in oxygen-affinitive elements aluminum, titanium, 
magnesium and calcium is however necessary in order to ensure good 
resistance to oxidation. The manganese content should be at least 0.05 % for 
processing reasons, but should not exceed 0.5% because higher contents in 
manganese have an unfavorable effect on the resistance to oxidation. To 
improve workability, 0.001 - 0.01 % in boron are also alloyed into the mix. 
The phosphor and sulfur contents should be kept as low as possible because 
these surface-active elements reduce the corrosion resistance at high 
temperatures as well as the ductility of the alloy. 

The alloy according to the invention can be used for bands, films, sheet 
metal, pipes (seamless or welded), wires, for applied welding, applied 
plating or as composite pipe. 
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The alloy according to the invention can be produced by ingot casting as 
well as by continuous casting following melting in a vacuum induction 
furnace or open melting. Recasting of the alloy is possible but not absolutely 
necessary. Hot-forming is achieved by forging, hot rolling or continuous 
pressing, and cold forming by cold rolling, wire pulling or by means of a 
pilger mill. The production of composite materials, e.g. plating on carbon 
steel, can be effected by means of one of the customary application welding 
processes, by cold or hot rolling of sheet metal or bands, by explosive 
cladding or by one of the customary process in the production of bi-metal 
pipes. 

Due to its excellent resistance to chlorination, the alloy is especially well 
suited as band and sheet metal, pipe or plating material for utilization in hot 
chlorine-containing gases or in presence of chloride containing coatings, 
such as occur in chemical plants, in thermal treatment plants for chlorine- 
containing chemical waste and contaminated floors as well as in automobile 
exhaust systems (expansion bellows for the uncoupling of catalytic converter 
and engine). The excellent resistance of the alloy to complex, corrosive 
saline deposits (furnace ash) renders the alloy also suitable for utilization as 
plating and construction material in thermal waste disposal plants, in large 
diesel motors, in plants for the obtention of energy from biomass and in 
plants of the cellulose industry. 
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CLAIMS 

1 . Austenitic nickel-chromium-molybdenum alloy with additives of silicon, 
characterized by the alloy components (in mass %) 



Cr 


18-22 % 


Mo 


6-10 % 


Si 


0.6- 1.7 % 


c 


0.002 - 0.05 % 


Fe 


1 - 5 % 


Mn 


0.05 - 0.5 % 


Al 


0.1-0.5 % 


Ti 


0.1-0.5% 


Mg 


0,005-0.05% 


Ca 


0.001-0.01 % 


V 


max. 0.5 % 


P 


max. 0.02 % 


s 


max. 0.01 % 


B 


0.001-0.01% 


Cu 


max. 0.5 % 


Co 


max. 1 % 



Hf and/or Y and/or Zr and/or rare earth : 0.02 - 0.5%, the remainder 
being nickel and impurities caused by the melting process. 

2. Alloys as in claim 1, characterized by the alloy components (in 
mass %) 
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Cr 


18-20% 


Mo 


8-9% 


Si 


0.7-1.1% 


C 


0.02-0.015% 


Fe 


2.5-3.5% 


Mn 


0.05-0.1 % 


Al 


0.1-0.3% 


Ti 


0.1-0.4% 


Mg 


0,005-0.015 % 




0 00 1 - 0 005 % 


V 


max. 0.01 % 


p 


max. 0.002 % 


s 


max. 0.001 % 


B 


0.001-0.001 % 


Cu 


max. 0.5 % 



Hf and/or Y and/or Zr and/or rare earth : 0.03 - 0.06%, the remainder 
being nickel and impurities caused by the melting process. 

3. Alloys as in claim 1, characterized by molybdenum contents between 6.5 and 9.5 
%. 

4. Alloys as in claim 1 , characterized by a silicon content between 0.6 
and 1.3% 
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5. Utilization of the alloy as in one of the claims 1 to 4 for the 
production of pipes, sheet metal, band material, film, wires as well as 
articles made of these semi-fmished products. 

6. Utilization of the alloy as in one of the claims 1 to 4 for the 
production of composite pipes. 

7. Utilization of the alloy as in one of the claims 1 to 4 as corrosion 
protection applied by means of build-up welding or plating. 
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ABSTRACT OF THE INVENTION 

The present invention proposes an austenitic nickel-chromium- 
molybdenum-silicon alloy with a clearly improved resistance to chorine- 
containing gases and chlorides such as occur e.g. in plants of the chemical 
industry, thermal waste disposal, in exhaust systems of automobiles and in 
diesel engines, consisting of: 



Cr 


18-22% 


Mo 


6-10% 


Si 


0.6-1.7% 


c 


0 009 — 0 OS % 


Fe 


1 - 5 % 


Mn 


0.05-0.5% 


Al 


0.1-0.5% 


Ti 


0.1-0.5% 


Mg 


0,005 - 0.05 % 


Ca 


0.001-0.01 % 


V 


max. 0.5 % 


P 


max. 0.02 % 


S 


max. 0.01 % 


B 


0.001-0.01 % 


Cu 


max. 0.5 % 


Co 


max. 1 % 
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Hf and/or Y and/or Zr and/or rare earth : 0.02 - 0.5%, the remainder 
being nickel and impurities caused by the melting process. 
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